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(57) ABSTRACT

A secunty feature for protecting valuable documents, in
particular for ensuring the authenticity of valuable docu-
ments, comprises a luminescent pigment which has a host
lattice doped with a first luminophore and a second lumino-
phore, with an excitation energy of the first luminophore
being transferable to the second luminophore. However, in
the case of the luminescent pigment according to the inven-
tion, the excitation energy 1s not transterred completely from
the first luminophore to the second, but rather only partially.
The incomplete transter of the excitation energy 1s achieved
by selecting suitable amount-of-substance fractions of the
first and the second luminophores on the luminescent pig-
ment. As a result of the incomplete transter of the excitation
energy, the luminescent light that 1s emitted by the lumi-
nescent pigment also has, 1n addition to a luminescence peak
of the second luminophore, a luminescence peak of the first
luminophore.
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1
SECURITY FEATURE

BACKGROUND OF THE INVENTION

The 1nvention relates to a security feature and a method 5
for checking the security feature. Such security features are
used for sateguarding value documents, in particular for
sateguarding the authenticity of the value documents.

For sateguarding value documents, these are equipped
with security features and/or with security elements having 10
security features, 1in order to make possible a check of the
authenticity of the value document. The security features
and security elements serve to protect the value documents
from unauthorized reproduction. As security elements there
are used for example security threads or o1l elements, which 15
are connected with a value document. The security features
can be connected with the substrate of the security element
or with the substrate of the value document 1tself.

As security features there are employed for example
luminescence pigments that consist of a host lattice doped 20
with a luminophore. Optical transitions of the luminophore
lead to a luminescence of the luminescence pigment. For
checking the authenticity of a value document having the
luminescence pigment 1t 1s checked for example whether the
value document has the desired luminescence and, depend- 25
ing thereon, it 1s decided whether or not the value document
1s authentic.

From the prior art there are known improved security
features having a higher luminosity, in which the lumines-
cence pigment 1s not only doped with a luminophore but in 30
addition with an activator that makes possible an increased
luminescence intensity. In particular, the activator makes
possible the excitation of the luminophore 1in wavelength
ranges 1n which the luminophore 1s usually not excitable or
only poorly excitable. The activator and the luminophore 35
here are chosen such that the activator tends to completely
transier 1ts excitation energy to the luminophore. The acti-
vator 1s selectively optically excited through corresponding,
light 1rradiation and then completely transfers 1ts excitation
energy to the emitter that subsequently emaits a luminescence 40
characteristic thereof. On the basis of this, the authenticity of
the value document can be checked. The activator itself,
however, shows no luminescence.

In order to make an imitation of the value documents
more difhicult, 1t 1s also known to provide these with a 45
security feature which has a more complex characteristic
luminescence spectrum. In order to obtain several lumines-
cence peaks, diflerent luminescence pigments each contain-
ing only one luminophore are mixed with each other. Lumi-
nescence pigments suitable for security applications, in 50
particular luminescence pigments which luminesce exclu-
sively 1n the infrared spectral region and are doped with two
or more simultaneously luminescing luminophores, are not
commercially available, however. The mixing of different
luminescence pigments has the disadvantage that the differ- 55
ent luminescence pigments of the mixture may segregate,
¢.g. due to different grain sizes or diflerent densities. Such a
segregation of the luminescence pigments of a security
feature may take place in particular due to vibrations upon
the transport of the security feature or also upon the pro- 60
cessing of the security feature for applying it onto the value
document. Through the segregation there arises an inhomo-
geneity of the pigment mixture, which may lead to unin-
tended spatial variations of the luminescence of the security
teature on the value document. Such varnations may lead to 65
a misjudgement of authentic value documents or make more
difficult the recognition of forgeries, that show a lumines-
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cence deviating from but similar to the authentic lumines-
cence. In such a security feature that consists of a mixture of

several luminescence pigments a homogeneity of the pig-
ment mixture can usually only be achieved with great eflort.

It 1s therefore an object of the present invention to state a
security feature which makes possible a more reliable dif-
ferentiation between authentic and forged value documents.

SUMMARY OF THE INVENTION

The security feature according to the mnvention comprises
a luminescence pigment that has a host lattice doped with a
first luminophore and with a second luminophore. Here, at
least a volume region of the host lattice 1s both doped with
the first and with the second luminophore. The luminescence
pigment can be excited, through an optical excitation, to
emit luminescence light. Through the optical excitation of
the luminescence pigment there 1s generated, indirectly or
directly, an excitation energy of the first luminophore. The
components of the luminescence pigment, 1n particular the
host lattice and the first and second luminophore, are chosen
such that an excitation energy of the first luminophore 1s
transierable to the second luminophore.

The excitation
energy of the first luminophore generated through optical
excitation of the luminescence pigment can thus be trans-
terred from the first to the second luminophore through an
interaction between the first and the second luminophore.
However, with the luminescence pigment according to the
invention the excitation energy 1s not completely transferred
from the first to the second luminophore, as 1t i1s the case
with hitherto known Iluminescence pigments showing
energy transier, but only partially, 1.e. only with a signifi-
cantly reduced probability in comparison to the known
luminescence pigments. The luminescence light emitted by
the luminescence pigment according to the invention con-
tains, 1n addition to a luminescence peak of the second
luminophore, also a luminescence peak of the first lumino-
phore. With the known luminescence pigments the complete
transier of the excitation energy from the first to the second
luminophore leads to the fact that as a consequence of an
optical excitation of the luminescence pigment there 1is
emitted exclusively a luminescence of the second lumino-
phore, while the first luminophore emits no luminescence at
all.

With the luminescence pigment according to the mven-
tion a partial, 1.e. an incomplete, transfer of the excitation
energy 1s achieved by the substance amount fractions of the
first and of the second luminophores 1n the luminescence
pigment being suitably chosen. With certain luminescence
pigments and certain substance amount fractions, which can
be empirically ascertained, a reduced probability of the
excitation energy being transierred from the first to the
second luminophore can be adjusted 1n targeted fashion. For
example, the substance amount fractions of the second
luminophore are chosen 1n targeted fashion to be so low that
the probability of the excitation energy being transierred
from the first to the second luminophore 1s reduced. This
reduced probability of energy transfer has an eflect on the
emitted luminescence light such that this has, in addition to
a luminescence peak of the second luminophore, also a
luminescence peak of the first luminophore. The substance
amount fractions of the first and second luminophores 1n the
luminescence pigment are chosen for the luminescence
pigment according to the mvention such that the lumines-
cence light of the luminescence pigment has a luminescence
spectrum with a first luminescence peak emitted by the first
luminophore and with a second luminescence peak emaitted
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by the second luminophore, the peak intensity of the second
luminescence peak having a share of at least 20% and at
most 80% 1n the sum of the peak intensities of the first and
second luminescence peaks. Accordingly, both the first and
the second luminescence peak respectively clearly stand out
against the spectral ground of the luminescence spectrum.
Due to these properties the luminescence pigment 1s espe-
cially suitable to be used for a security feature for safe-
guarding value documents.

Preferably, the substance amount fractions of the first and
the second luminophores 1n the luminescence pigment are
chosen such that the share of the peak intensity of the second
luminescence peak 1n the sum of the peak intensities of the
first and second luminescence peaks amounts to at least 30%
and at most 70%, 1n particular at least 40% and at most 60%.
This achieves an improved provability of the one of the two
luminescence peaks that has the weaker intensity.

The first and second luminescence peaks preferably have
an intensity ratio to each other that i1s intrinsically defined
through the composition of the luminescence pigment. The
intensity ratio thus remains unaflected by many external
influences on the security feature. In contrast to the above-
mentioned security features made of a luminescence pig-
ment mixture, which have the problem of segregation and
the change of the luminescence spectrum associated there-
with, the security feature according to the imnvention 1s less
sensitive to external influences on the security feature,
which 1s due to the intrinsically defined ratio of the two peak
intensities. Also upon processing of the security feature for
connecting the same with the value document, the lumines-
cence spectrum of the security feature remains the same.
Due to the mtrinsically defined intensity ratio 1t 1s therefore
possible to avoid undesirable spatial variations of the lumi-
nescence on a value document and, 11 desired, to achieve a
spatially homogeneous luminescence of the value document
with little eflort. The secunity feature according to the
invention 1s advantageous also 1 comparison to previous
security features that have spatially separated luminescence
regions, €.g. security features on the basis of core shell
particles, which have different luminescence pigments in the
core and 1n the shell of a particle. Because, for the structure
of core shell particles only a limited choice of materials 1s
employable, and the controlled manufacturing of these par-
ticles 1s very elaborate. By contrast, the security feature
according to the invention can be manufactured with much
less eflort.

It has been surprisingly discovered that with some lumi-
nescence pigments, 1 certain regions of the substance
amount fractions, both luminescence peaks are emitted and
the peak intensities thereot are respectively variable through
the substance amount fractions of the first and of the second
luminophores 1n the luminescence pigment. For the security
features according to the mvention there are therefore cho-
sen such luminescence pigments, 1n which the ratio of the
two peak intensities 1s adjustable in targeted fashion through
the substance amount fractions of the first and second
luminophores. Through minor changes of the substance
amount fractions different intrinsically defined intensity
ratios of the two luminescence peaks can be achieved. It has
been found that a small variation of the substance amount
fraction of the second luminophore has a great intfluence on
the peak intensities of the first and second luminescence
peaks. In comparison thereto, a variation of the substance
amount fraction of the first luminophore often has only a
relatively small influence on the peak intensities of the two
luminescence peaks. However, the substance amount frac-
tion x of the first luminophore should not be so great as 1t 1s
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4

usually chosen with up-conversion luminescence pigments,
because with so high substance amount fractions x the peak
intensity of the first luminescence peak 1s strongly sup-
pressed due to concentration quenching. Therefore, with the
luminescence pigments according to the ivention the sub-
stance amount fraction x of the first luminophore in the
luminescence pigment 1s preferably so low, that no or only
a negligibly low concentration quenching of the first lumi-
nescence peak occurs.

The luminescence light emitted by the luminescence
pigment according to the invention as a consequence of the
optical excitation has a luminescence spectrum that has a
first luminescence peak emitted by the first luminophore and
a second luminescence peak emitted by the second lumino-
phore. The first and second luminescence peaks are thus
generated through two different luminophores with which
the host lattice of the luminescence pigment 1s doped.
Depending on the type of the chosen first and second
luminophores and 1n dependence on the optical excitation,
their luminescence may respectively also have further lumi-
nescence peaks. In contrast to the previous security features,
the first and second luminescence peaks in the security
teature according to the mvention are emitted by one single
luminescence pigment, not by mixture of two or several
luminescence pigments. In particular, the first and second
luminescence peaks may result from electronic transitions of
two different luminophores with which the luminescence
pigment 1s doped, so that the first and second luminescence
peaks result from diflerent electronic transitions of the same
luminescence pigment.

In the luminescence pigments according to the imvention
the excitation energy of the first luminophore 1s transferable
from the first to the second luminophore. For the lumines-
cence pigment according to the invention there are
employed e.g. combinations of two luminophores, which 1n
the same host lattice have about the same energy-level
distances, so that, upon a transition of the first luminophore
from an upper to a lower energy level, 1ts energy can be
absorbed by the second luminophore through its transition
from a lower to an upper energy level. Suitable for this
purpose are €.g. luminescence pigments in which an emis-
sion band of the first luminophore overlaps with an absorp-
tion band of the second luminophore. The transier of the
excitation energy can take place in particular through a
resonant energy transier between the first and the second
luminophore. Which luminophores 1 a host lattice are
capable of transierring energy at all, can be inferred from the
technical literature. Therefore, many combinations of two
luminophores and appropriate host lattice can be stated, that
are 1n principle suitable for the method according to the
invention. If there are chosen two luminophores that in a
host lattice are capable of an energy transier, there 1s reduced
in targeted fashion the medium probability of this energy
transter, e.g. by reducing the substance amount fraction of
one or both of the luminophores in the host lattice. In
practice, the luminescence pigment with the desired lumi-
nescence properties can be ascertained on the basis of a
usual series of tests, 1n which the substance amount fractions
of the luminophores in the host lattice are varied. As
luminescence pigments according to the invention there can
subsequently be employed one or several luminescence
pigments with those substance amount fractions of lumino-
phores, 1n which the luminescence peaks of both lumino-
phores clearly stand out 1n the luminescence spectrum.

The first and second luminophores can be distributed over
a partial region of the host lattice. The spatial distributions
of the first and second luminophores here may completely or
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partially overlap. However, luminescence pigments are pre-
ferred, 1n which the first and second luminophores are
distributed over the entire host lattice of the luminescence
pigment, because in this case the manufacturing efifort for
the luminescence pigment 1s low.

The first and second luminophores and the host lattice are
chosen such that an optically generated excitation energy of
the first luminophore 1s transierable from the first to the
second luminophore through an interaction between the first
luminophore and the second luminophore. The optical exci-
tation ol the luminescence pigment can be achieved in
particular through 1rradiation of the luminescence pigment
with light of a suitable spectral region 1 which the lumi-
nescence pigment absorbs. Through this optical excitation,
an excitation energy of the first luminophore 1s generated,
which 1s then partly transferred to the second luminophore.
The second luminophore excited i this way can subse-
quently 1 turn give ofl its excitation energy by emitting
luminescence light. Due to the only partial transfer of the
excitation energy, also the first luminophore gives ofl a part
of 1ts excitation energy by emitting luminescence light. The
excitation energy of the first luminophore can be generated
in the manner as follows by optical excitation of the lumi-
nescence pigment:

1. Variant

The excitation energy of the first luminophore 1s gener-
ated directly by selective optical excitation of the first
luminophore. Subsequently, the excitation energy of the first
luminophore 1s transferred to the second luminophore. For
the selective optical excitation of the first luminophore, the
luminescence pigment e.g. can be irradiated in targeted
fashion with one or several absorption wavelengths of the
first luminophore. For this purpose, there can in particular be
used a spectrally narrow-band optical excitation.

2. Variant

The excitation energy of the first luminophore 1s gener-
ated—indirectly—by optical excitation of the host lattice
and subsequent transfer of the excitation energy from the
host lattice to the first luminophore, and then transferred
from the first to the second luminophore. Where applicable,
the energy generated 1n the host lattice can be transierred
from the host lattice partly to the first luminophore and
partly directly to the second luminophore. For the optical
excitation of the host lattice, the luminescence pigment e.g.
1s 1rradiated 1n targeted fashion with one or several absorp-
tion wavelengths of the host lattice. In particular, for this
purpose, the host lattice can be subjected to a spectrally
broad-band optically excitation.

These two variants do not exclude each other. In depen-
dence on the components of the security feature according to
the invention and in dependence on the chosen optical
excitation, the optical excitation can be obtained via either
one of the two variants or both variants together. Where
applicable, the first and the second luminophores can trans-
fer their excitation energy among each other also mutually,
1.¢. 1n both directions. The transfer of the excitation energy
from the first luminophore to the second luminophore can be
influenced, where applicable, by the host lattice. The host
lattice e.g. can be chosen in targeted fashion such that
through 1ts influence the transfer of the excitation energy
from the first to the second luminophore 1s suppressed or
promoted. Furthermore, the host lattice can be doped with
one or several additional dopants, 1n order to influence 1n
targeted fashion the transier of the excitation energy.

The 1nvention also relates to a method for proving the
security feature, wherein an optical excitation of the lumi-
nescence pigment 1s carried out, 1 order to optically excite
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6

the luminescence pigment to emit the luminescence light,
and the intensities of the first and second luminescence
peaks contained in the luminescence spectrum of the lumi-
nescence pigment are detected. These detected intensities of
the luminescence peaks can be the peak intensities or the
intensity spectrally itegrated over the respective lumines-
cence peak. The optical excitation of the luminescence
pigment, through which the excitation energy of the first
luminophore 1s generated, 1s here effected 1n accordance
with the above-mentioned first and/or 1n accordance with the
above-mentioned second variant. For proving the security
feature, the detected intensities of the first and of the second
luminescence peaks are evaluated, e.g. 1n order to check the
authenticity of the security feature or the authenticity of a
security element, of a printing ink or of a value document
having the security feature. The wrradiation of the security
feature with light and the detection of the intensities as well
as, optionally, also the evaluation 1s carried with a sensor
configured therefor.

The substance amount fraction of the luminophore
denotes the quantitative relative fraction of the luminophore
in the luminescence pigment. The substance amount fraction
X of a luminophore 1s the relative number of luminophore
particles (e.g. atoms, 10ns) 1n the total particle number which
the luminescence pigment has according to its stoichiomet-
ric formula. From the concentration parameter, with which
the luminophore amount 1s stated in the stoichiometric
formula of the luminescence pigment, the substance amount
fraction of the luminophore 1s therefore calculated by means
of division by the total number of particles (atoms, 10ns)
stated 1n the stoichiometric formula.

In some of the luminescence pigments according to the
invention the luminescence spectrum strongly varies 1n
dependence on the exact relative fraction of the two lumino-
phores. Vaniations of a luminophore fraction within the host
lattice can then lead to locally different peak intensities.
Theretore, 1t 1s preferred that the first and second lumino-
phores are homogeneously distributed 1n the host lattice. In
particular, 1n the volume region of the host lattice, which
volume region 1s both doped with the first and with the
second luminophore, the first and second luminophores
respectively are substantially homogeneously distributed.

With some of the previously known security features their
luminescence spectrum can be simulated by a similar lumi-
nescence spectrum of a forged luminescence pigment. IT
deviations from the exact chemical composition of the
security feature aflect the obtaimned luminescence spectrum
only slightly, the identical chemical composition of the
luminescence pigment does not have to be necessarily met
in order to obtain a suiliciently similar luminescence spec-
trum. Preferably, for the security feature according to the
invention a luminescence pigment 1s therefore employed
that shows a qualitative change of the luminescence spec-
trum 1n dependence on the substance amount fraction of the
second luminophore. That 1s, with the luminescence pigment
according to the mvention the peak intensities do not scale
umiformly, but the ratio of the peak intensities of the first and
second luminescence peaks changes through change of the
substance amount fraction of the second luminophore. It 1s
turthermore preferred that the peak intensities of the first and
second luminescence peaks are changeable 1 mutually
opposite fashion through a change of the substance amount
fraction of the second luminophore. The opposite change of
the peak intensities here results exclusively from the change
ol the substance amount fraction of the second luminophore,
while the substance amount fraction of the first luminophore
1s left unchanged. Through a change of the substance
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amount fraction of the second luminophore, the lumines-
cence intensity of one of the two luminescence peaks 1s then
increased at the expense of the other of the two lumines-
cence peaks. This has the advantage, that the forgery resis-
tance of the luminescence pigment 1s increased. Because,
even 1 the nght components of the authentic luminescence
pigment should be found for the imitation, the substance
amount fraction of the luminophore must be exactly met 1n
order to obtain a luminescence spectrum which comes
suiliciently close to that of the security feature. An increase
of the substance amount fraction of the second luminophore
may lead to the fact that the peak intensity of the first
luminescence peak decreases, and that of the second lumi-
nescence peak increases.

The components of the luminescence pigment, in particu-
lar the host lattice and the first and the second luminophore,
are chosen such that these—in case of changed substance
amount fractions—tend to completely transfer the excitation
energy from the first to the second luminophore, €.g. in case
of a correspondingly higher substance amount fraction of the
second luminophore. With such a luminescence pigment
(not according to the invention), which has the changed
substance amount fractions, the excitation energy would be
completely transferred to the second luminophore and,
accordingly, the peak intensity of the first luminescence
peak, mn comparison to the peak intensity of the second
luminescence peak, would substantially disappear. A com-
plete transfer of the excitation energy can be ellected e.g. in
a luminescence pigment (not according to the invention) 1n
which the substance amount fraction of the second lumino-
phore 1s chosen to be many times higher than the substance
amount fraction of the second luminophore in the lumines-
cence pigment according to the mvention 1s chosen. To the
luminescence pigment according to the mvention there can
usually be stated such a luminescence pigment that 1s not
according to the invention with complete or almost complete
transier of the excitation energy, which differs from the
luminescence pigment according to the invention by an
increased substance amount fraction of the second lumino-
phore.

The interaction through which the excitation energy 1s
transferable from the first luminophore to the second
luminophore in the luminescence pigment according to the
invention, takes place within the volume region of the host
lattice, which volume region 1s both doped with the first and
with the second luminophore. As here the interaction takes
place within a volume region of the same material (of the
luminescence pigment), there arise advantages compared to
the known security features that employ spatially separated
luminescence regions between which an interaction takes
place. Because with these a suflicient spatial proximity of
the different luminescence regions must be ensured. The
manufacturing of such security features 1s therefore more
claborate.

In the luminescence pigment according to the mvention
the interaction through which the excitation energy 1s trans-
terable from the first luminophore to the second lumino-
phore 1s a radiationless interaction between the first and the
second luminophore. The first and second luminophores are
thus configured for the excitation energy to be transferable
from the first to the second luminophore without exchange
of light quanta. In particular, this can be a dipole-dipole
interaction between the first and second luminophore. The
radiationless transier of the excitation energy 1s advanta-
geous 1n comparison to known security features that transfer
theirr excitation energy to each other through a radiant
interaction, because 1n the latter case the ratio of the peak
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intensities can often be varied only via a limited range of
values. Furthermore, such security features, in which the
exchange takes place via emission and reabsorption of light
quanta, often require, due to the low absorption rate, high
luminophore concentrations and a complex structure or a
spatial separation of the individual luminophores into spatial
partial regions, such as e.g. layer systems. With the lumi-
nescence pigment according to the invention, besides the
transier of the excitation energy between the first and the
second luminophore via the radiationless interaction, there
can take place, at best additionally, also a transfer of the
excitation energy through an exchange of light quanta.

The peak wavelengths of the first and second lumines-
cence peaks are preferably spectrally spaced apart from each
other by at least 20 nm, particularly preferably at least 30
nm. Upon the check of the security feature, the two lumi-
nescence peaks can thus be easily spectrally differentiated
from each other. Preferably, the peak wavelengths of the first
and second luminescence peaks are in the near infrared
spectral region, 1n particular 1n the spectral region between
750 nm and 2900 nm, preferably between 800 nm and 2200
nm. Particularly the near infrared spectral region 1s pre-
ferred, since these wavelengths lie outside the visible spec-
tral region, so that an inconspicuous use of the security
teature 1s possible. Depending on which host lattice and
which first and second luminophores are employed, the
luminescence pigment can be optically excitable to emit
luminescence light through irradiation with light in the
ultraviolet or 1n the visible spectral region or 1n the near
inirared spectral region.

In the luminescence spectrum of the luminescence pig-
ment, the peak wavelength of the first luminescence peak
lies 1n particular at a smaller wavelength than the peak
wavelength of the second luminescence peak. And the peak
wavelengths of the first and of the second luminescence
peak, 1 comparison to the optical excitation of the lumi-
nescence pigment, are preferably shifted towards larger
wavelengths (Stokes emission). While 1n the reverse case,
when the optical excitation lies at a greater wavelength than
the luminescence peaks (anti-Stokes emission, as €.g. up-
converter luminescence pigments have 1t), this 1s advanta-
geous, since with Stokes emission there can be achieved
higher luminescence intensities than with anti-Stokes emis-
sion. In contrast to up-converter luminescence pigments,
with the luminescence pigments according to the invention,
therefore already a small amount of the luminescence pig-
ment 1s suflicient, 1n order to obtain well provable peak
intensities.

The substance amount fraction of the second luminophore
in the luminescence pigment preferably lies between at least
0.00005 (350 ppm) and at most 0.004 (4000 ppm), 1n par-
ticular between 350 ppm and 2000 ppm. The first lumino-
phore and/or the second luminophore are preferably chosen
from the rare earth 10ns, 1n particular from the rare earth 10ons
erbium, holmium, neodymium, thulium, ytterbium.

The host lattice 1s preferably configured as an 1norganic
host lattice. In particular, the host lattice can have a perov-
skite structure or a garnet structure. For example, the host
lattice 1s a scandium-gallium-garnet, an yttrium-aluminum-
garnet or a mixed garnet derived therefrom. When the host
lattice has a garnet structure or a perovskite structure, this
also contains preferably one or several of the elements
vanadium, chromium, manganese, iron, cobalt or nickel as
an absorbing element. The host lattice can also be an oxide
or a mixed lattice with oxide 1ons, for example a tungstate,
phosphate, niobate, tantalate, silicate or aluminate. The host
lattice of the luminescence pigment can additionally also be
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doped with other dopants, which do not luminesce, e.g. with
dopants that are required for crystallization. The host lattice
can be additionally doped with one or several further
luminophores. The luminescence pigment 1s configured for
example as a powder, whose particles consist of the doped
host lattice. The particles can have e.g. a grain size in the
range of 1 to 20 um, preferably <6 um.

The properties according to the invention are only
achieved with certain compositions of the luminescence
pigment, 1.e. certain combinations of the two luminophores,
certain substance amount fractions of the luminophores and
with certain combinations of luminophore and host lattice.
The choice of a diflerent luminophore, of a diflerent sub-
stance amount fraction of the luminophore or of a different
host lattice leads 1n general to a luminescence pigment that
does not have the properties according to the invention.

The luminescence pigment can also have more than two
luminophores with which the host lattice 1s doped, whereby
between several of the luminophores such a transfer of the
excitation energy can be etlected.

For example, an excitation energy can be partly trans-
terred from a first to a second luminophore, and partly from
the second luminophore to a third luminophore as well as,
where applicable, to further luminophores. Through the
respectively incomplete transier of the excitation energy it
can be achieved that, 1n doing so, all of these luminophores
luminesce and the mtensities of the luminescence peaks are
employed for proving the respective security feature.

Several luminescence pigments according to the inven-
tion that have different shares P of the peak intensity of the
second luminescence peak 1 the sum of the two peak
intensities, can be employed for manufacturing security
features having different encodings, for example, for pro-
viding different types ol value documents with diflerent
encodings. While for a first security feature there 1is
employed a luminescence pigment that has a first share P of
the second peak intensity, further security features receive
the luminescence pigment with shares P of the second peak
intensity deviating therefrom, the spectral location of the
luminescence peaks being as in the first security feature. For
encoding different value documents, of course, there can
also be used security features, which simultaneously contain
different or also several of the luminescence pigments
according to the invention. For example, security features
can be encoded with different kinds of the luminescence
pigments according to the imnvention, whose first and second
luminescence peaks respectively lie at different wave-
lengths. Then each encoding corresponds to a certain com-
bination of shares P of the respective second peak intensities
of the different luminescence pigments of the security fea-
ture. The security feature according to the invention can
have, apart from the one or several luminescence pigments
according to the invention, also one or several other lumi-
nescence pigments.

The invention furthermore relates to a security element
which has a security feature according to the invention. The
security element 1s destined to be applied on a value docu-
ment or incorporated in a value document. The security
feature 1s e.g. a security strip, a security thread, a security
band or a transier element for application on a value
document. Further, the security element can be admixed to
a printing ink, which 1s destined to be applied on a value
document. The printing ink containing the security feature
can be printed e.g. 1n one or several certain regions on the
value document. The security feature can also be ncorpo-
rated 1n the value document, e.g. by being admixed to the
substrate material of the value document, 1n particular a
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paper or plastic substrate, upon its manufacture. Further-
more, the invention relates to a security paper and a value
document, on or 1n which a security feature according to the
invention 1s applied or incorporated and/or which has a
security element provided with the security feature and/or a
printing ink having the security feature. The security feature
can be admixed to the security paper upon the manufacture
of the security paper. The secunty feature can be applied
over the full area or over a partial area, in particular 1n the
form of characters or patterns, on a surface of the value
document or of the security paper or of the security element.
Diflerent sections of the value document or of the security
paper or of the security element can be provided with
security features having different encoding.

The value documents to be sateguarded are for example
bank notes, checks, identification documents, passports,
credit cards, check cards, tickets, vouchers, shares, deeds,
tokens eftc.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinafter the mvention will be explained by way of
example with reference to the following Figures. There are
shown:

FIG. 1a luminescence spectrum of a luminescence pig-
ment with a luminescence peak B of a second luminophore
[.2 and disappearing first luminescence of a first lumino-
phore L1,

FIGS. 15,c respectively the luminescence spectrum of a
luminescence pigment according to the invention with a first
luminescence peak A of a first luminophore L1 and a second
luminescence peak B of a second luminophore L2,

FIG. 2 course of the share P of the peak intensity of the
luminescence peak B of the second luminophore L2 1n the
sum of the peak intensities of the first luminescence peak A
and second luminescence peak B.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

In FIG. 1a there 1s shown the luminescence spectrum of
a luminescence pigment that 1s doped with a first lumino-
phore L1 and a second luminophore L2, between which a
complete transfer of their excitation energy takes place. The
luminescence spectrum consists of a luminescence peak B at
a wavelength A, which results from the luminescence of the
second luminophore L2. The first luminophore acts as an
activator that transfers its excitation energy completely to
the second luminophore, and thus shows no luminescence at
the wavelength A ,, at which the first luminophore L1 in
isolation usually luminesces. The luminescence pigment
from the example of FIG. 1a has the second luminophore 1.2
with a substance amount fraction yO.

The FIGS. 15, 1c respectively show the luminescence
spectrum of a luminescence pigment according to the mven-
tion, which likewise 1s doped with the first luminophore L1
and the second luminophore L.2. The luminescence pigments
of the examples of FIGS. 15, ¢, compared to the lumines-
cence pigment of FIG. 1a, are characterized by a particular
substance amount fraction y with which the second lumino-
phore L2 1s contained 1n the luminescence pigment. The two
luminescence pigments of FIGS. 15, ¢ difler from each other
only by the substance amount fraction y of the second
luminophore .2, which in the luminescence pigment of FIG.
15 1s referred to as y1 and 1n the example of FIG. 1c¢ as y2.

Both luminescence spectra of the FIGS. 15, 1c¢ respec-
tively have a luminescence peak A at a wavelength A ,
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which results from the luminescence of the first luminophore
[.1, and a luminescence peak B at a wavelength A, which
results from the luminescence of the second luminophore
[.2. In contrast to the example of FIG. 14, 1n these examples
therefore also the luminescence of the first luminophore 1.1
occurs, even though the first luminophore L1 tends to
transier 1ts excitation energy to the second luminophore L2.
In the example of FIG. 15, the intensity ratio I /1, of the two
luminescence peaks A, B 1s about 0.43:1 corresponding to a
share P=1./(1 ,+13) of the peak intensity I; 1n the sum of the
two peak intensities (I +1;) of 70%. In the example of FIG.
1c, the intensity ratio 1 /1, of the two luminescence peaks A,
B 1s about 1.9:1 corresponding to a share P=1,/(1 ,+1;) of the
peak intensity I, in the sum of the two peak intensities
(1,+15) of 34%.

In FIG. 2, the share P=I./(1,+1;) of the second peak
intensity 1s outlined as a function of the substance amount
fraction y of the second luminophore L2. Over a wide range
of the substance amount fraction y, the share P of the peak
intensity I, lies at 100%, as with these substance amount
fractions y of the second luminophore there takes place a
complete transier of the excitation energy from the first
luminophore L1 to the second luminophore L2. Only with
very low substance amount fractions y, the share P falls
below 100% and 1s continually reduced to 0% with the
substance amount fraction y=0, 1.e. when the luminescence
pigment has only the first luminophore but no second
luminophore L2. With suitable substance amount fractions y
of the second luminophore, ¢.g. y1 and y2, there thus results
an incomplete transier of the excitation energy to the second
luminophore. yv0, v1, y2 1n FIG. 2 mark the substance
amount fractions y of the second luminophore L2 in the
luminescence pigment in the examples in FIGS. 1a, 15, 1c.

The luminescence pigment according to the invention
shows 1n dependence of the substance amount fraction y of
the second luminophore a qualitative change of the lumi-
nescence spectrum, 1.e. with the luminescence pigment
according to the mvention the peak intensities do not scale
uniformly, but the ratio of the peak intensities of the first and
second luminescence peaks changes upon a change of the
substance amount fraction v of the second luminophore. The
particular substance amount fraction y of the examples of
FIGS. 15 and 1c¢ leads to the fact that the intensity ratio of
the two luminescence peaks A and B strongly changes. Upon
a change of the substance amount fraction y, an opposite
change of the two peak intensities arises 1n this example.
While the peak intensity 1, of the first luminescence peak A
1s smaller with the substance amount fraction y1 than with
the substance amount fraction y2, the peak intensity 1, of the
second luminescence peak B 1s larger with the substance
amount fraction y1 than with the substance amount fraction
y2. Upon a change of the substance amount fraction y from
y1 to y2, the luminescence peak A becomes stronger at the
expense of the luminescence peak B.

In the following two concrete examples of luminescence
pigments according to the invention are stated for the
employment in security features. The luminescence pig-
ments respectively have a host lattice doped with a first and
a second luminophore. As in the example shown above, the
first and second luminophores are chosen such that the first
luminophore L1 acts as an activator and tends to transier 1ts
excitation energy to the second luminophore L2. With
substance amount fractions y of the second luminescence
pigment L2, according to the invention, there arises an
incomplete transfer of the excitation energy, however, so
that the luminescence spectrum of the respective lumines-
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cence pigment has both the luminescence peak B of the
second luminophore L2 as well as the luminescence peak A

of the first luminophore L1.

Example 1:'Y, 4 Ho Yb, 3,Al0,,

As a luminescence pigment there 1s employed a rare-
carth-doped yttrium-aluminum-garnet. This 1s doped with
the first luminophore Yb and the second luminophore Ho.
The luminescence spectrum of the luminescence pigment
has, upon an excitation with light of a wavelength of 941
nm, a first luminescence peak A at A ,=1027 nm, which
results from the luminescence of the first luminophore Yb,
and a second luminescence peak B at A,=2086 nm, which
results from the luminescence of the second luminophore
Ho. The dependence shown by the share P of the Ho-peak-
intensity I, in the sum I +I, of the two peak intensities I ,,
I, on the substance amount fraction y of the second lumino-

phore, qualitatively corresponds to the course shown in FIG.
2.

Example 1a: Y, .,Ho, ,.Yb, ;,AL.O,,

For manufacturing this rare earth-doped yttrium-alumi-
num-garnet 2.308 g Y(NO,),.6H,O, 4282 g AI(NO,),.
OH,O, 0.328 g Yb(NO,),.5H,0, 0.040 g Ho(NO,),.5H,O
and 2.742 g urea are dissolved at 60° C. 1n 15 g water and
subsequently evaporated at 675° C. The Yb-concentration
parameter of 0.32 and the Ho-concentration parameter of
0.04, due to the 20-atom stoichiometric formula, correspond
to an Yb-substance amount fraction of x=0.016 and an
Ho-substance amount fraction of y=0.002. With these sub-
stance amount fractions X, y of the first and second lumino-
phores there arises a share P=I;/(I1 ,4+1;) of the second peak
intensity I, of about 46%. In this case, the peak intensity I,
of the luminescence peak A and the peak intensity I, of the
luminescence peak B are therefore comparable.

Counter-Example (not According to the Invention)
to Example 1: Y, .;Ho, ,Yb, ;,ALLO,,

For manufacturing this rare earth-doped yttrium-alumi-
num-garnet 2.256 g Y(NO,),.6H,O, 4.282 g AI(NO,),.

OH,0, 0.328 g Yb(NO,);.5H,0, 0.101 g Ho(INO,);.5H,O
and 2.742 g urea are dissolved at 60° C. 1n 15 g water and
subsequently evaporated at 675° C. The Yb-concentration
parameter of 0.32 and the Ho-concentration parameter of
0.1, due to the 20-atom stoichiometric formula, correspond
to an Yb-substance amount fraction of x=0.016 and an
Ho-substance amount fraction of y=0.005. With this lumi-
nescence pigment there arises a share P=I,/(1 ,+1;) of the
second peak intensity I, of about 86%, corresponding to a
ratio of the peak intensity of the Ho-luminescence peak to
the peak intensity of the Yb-luminescence peak of 6:1.

Example 2: Nag, 55-5Erq 5025H0g 01115 925 Nbg 67505

As a luminescence pigment there 1s employed a rare-
carth-doped sodium miobate, which 1s doped with the first
luminophore Er and the second luminophore Ho. For manu-
facturing this rare-earth-doped niobate 2.808 g Na,CO,,
6.956 g Nb,O., 0.107 g T10,, 0.0257 g Er,O; and 0.101 g
Ho,O, are homogenized 1n an agate mortar and 1gnited 1n a
corundum crucible for 8 h at 1150° C. The luminescence
spectrum of the luminescence pigment has, upon an excita-
tion with light of a wavelength of 650 nm, a first lumines-
cence peak A at A =982 nm, which results from the lumi-
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nescence of the first luminophore Er, and a second
luminescence peak B at A ,=1200 nm, which results from the
luminescence of the second luminophore Ho. The Er-con-
centration parameter of 0.0025 and the Ho-concentration
parameter of 0.01, due to the 5-atom stoichiometric formula,
correspond to an Er-substance amount fraction of x=0.0005
and a Ho-substance amount fraction of y=0.002. With these
substance amount fractions x of the first luminophore Er and
of the second luminophore Ho there arises a share P=I./
(I1,+415;) of the second peak intensity I; of about 40%,
corresponding to a ratio of the peak intensity of the Ho-
luminescence peak to the peak intensity of the Er-lumines-
cence peak of 2:3.

Counter-Example (not According to the Invention)
to Example 2:
Nag 975815 0025H0g 1 115 205Nbg 76505

As 1n example 2, a rare-earth-doped sodium miobate 1s

considered a luminescence pigment. For manufacturing this
rare-carth-doped niobate 2.517 g Na,CO,, 5.591 g Nb,O.,

0.866 g T10,, 0.0252 ¢ Er,O; and 0.999 g Ho,O, are
homogenized 1n an agate mortar and 1gnited 1n a corundum
crucible for 8 h at 1130° C. The Er-concentration parameter
ol 0.0025 and the Ho-concentration parameter of 0.1, due to
the S-atom stoichiometric formula, correspond to an Er-
substance amount fraction of x=0.0005 and a Ho-substance
amount fraction of y=0.02. With this luminescence pigment
there arises a share P=1,/(1 ,+15) of the second peak 1ntensity
[, of about 93%, corresponding to a ratio of the peak
intensity of the Ho-luminescence peak to the peak intensity
of the Er-luminescence peak of 13.3:1.

The invention claimed 1s:

1. A security feature for sateguarding value documents,

comprising;

a luminescence pigment that has a host lattice doped with
a {irst luminophore and a second luminophore and that
1s optically excitable to emit luminescence light,
wherein the luminescence pigment 1s configured that an
excitation energy of the first luminophore generated
through optical excitation of the luminescence pigment
1s transferable to the second luminophore through an
interaction between the first luminophore and the sec-
ond luminophore,

wherein the substance amount fraction of the first lumino-
phore in the luminescence pigment and the substance
amount fraction of the second luminophore in the
luminescence pigment are chosen such that the lumi-
nescence light of the luminescence pigment has a
luminescence spectrum with a first luminescence peak
emitted by the first luminophore and a second lumi-
nescence peak emitted by the second luminophore,
wherein the share of the peak intensity of the second
luminescence peak 1s at least 20% and at most 80% 1n
the sum of the peak intensities of the first and of the
second luminescence peak,

wherein the substance amount fractions of the first and of
the second luminophores 1n the luminescence pigment
are fTurther chosen such that an mmcomplete transter of
the excitation energy from the first to the second
luminophore 1s achieved, and

wherein the substance amount fraction of the second
luminophore 1n the luminescence pigment lies between
50 ppm and 2000 ppm.

2. The security feature according to claim 1, wherein the

peak intensity of the first luminescence peak and the peak
intensity of the second luminescence peak have an intensity
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ratio to each other that 1s intrinsically defined by the com-
position of the luminescence pigment.

3. The security feature according to claim 1, wherein the
first and second luminophores are respectively substantially
homogeneously distributed 1n a volume region of the host
lattice, which volume region 1s both doped with the first
luminophore and with the second luminophore.

4. The security feature according to claim 1, wherein
through a change of the substance amount fraction of the
second luminophore, the peak intensities of the first and
second luminescence peaks are changeable 1 mutually
opposite fashion.

5. The security feature according to claim 1, wherein the
peak wavelengths of the first and second luminescence
peaks are spectrally spaced apart from each other by at least
20 nm.

6. The security feature according to claim 1, wherein the
interaction through which the excitation energy is transier-
able from the first luminophore to the second luminophore
and takes place within a volume region of the host lattice,
which volume region 1s both doped with the first lumino-
phore and with the second luminophore.

7. The security feature according to claim 1, wherein the
excitation energy of the first luminophore 1s transierable
from the first luminophore to the second luminophore
through a radiationless interaction.

8. The security feature according to claim 1, wherein the
peak wavelengths of the first and second luminescence
peaks lie 1n the near infrared spectral region.

9. The security feature according to claim 1, wherein the
first and/or the second luminophores are chosen from the
rare earth 1ons.

10. The secunty feature according to claim 1, wherein the
host lattice 1s configured as an inorganic host lattice, wherein
the host lattice 1s a host lattice with a garnet structure or with
a perovskite structure or an oxide or a mixed lattice with
oxide 1ons.

11. The secunty feature according to claim 1, wherein a
peak wavelength of the first luminescence peak lies at a
smaller wavelength than a peak wavelength of the second
luminescent peak.

12. The security feature according to claim 11, wherein
the peak wavelength of the first luminescent peak lies at a
greater wavelength than a wavelength of the optical excita-
tion.

13. The secunty feature according to claim 1, wherein the
host lattice of the luminescence pigment 1s doped with at
least a third luminophore wherein the luminescence pigment
1s configured that an excitation energy of the second lumino-
phore generated through the interaction between the first
luminophore and the second luminophore 1s transferable to
the third luminophore through an interaction between the
second luminophore and the third luminophore

wherein the substance amount fraction of the first lumino-

phore 1n the luminescence pigment, the substance
amount Iraction of the second luminophore in the
luminescence pigment and a substance amount fraction
of the third luminophore are chosen such that the
luminescence light of the luminescence pigment has a
luminescence spectrum with a first luminescence peak
emitted by the first luminophore, a second lumines-
cence peak emitted by the second luminophore and a
second luminescence peak emitted by the second
luminophore, and

wherein the substance amount fractions of the first, of the

second and of the third luminophores 1n the lumines-
cence pigment are further chosen such that an incom-
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plete transier of the excitation energy from the first to
the second luminophore and from the second to the
third luminophore 1s achieved.

14. The security feature according to claim 1, wherein the
first and/or the second luminophores are chosen from the
rare earth 1ons erbium, holmium, neodymium, thulium, and
ytterbium.

15. The security feature according to claim 1, wherein the
components of the luminescence pigment are chosen such
that an increase 1n the substance amount fraction of the
second luminophore would result 1n an increased transier of
excitation energy from the first to the second luminophore,
until the substance amount fraction is such that a complete
transier of excitation energy from the first to the second
luminophore occurs.

16. A security element or printing ink, which has a
security feature according to claim 1.

17. A value document or security paper, which has a
security element and/or a printing ink according to claim 16.

18. A method for proving a security feature according to
claim 1, comprising

irradiating the securnity feature with light of a spectral

region 1n which the luminescence pigment of the secu-
rity feature absorbs, in order to optically excite the
luminescence pigment to emit the luminescence light,
and

detecting intensities of the first and second luminescence

peak contained in the luminescence spectrum of the
luminescence light, and

evaluating the detected intensities of the first and second

luminescence peak to prove the security feature.

19. The method according to claim 18, wherein through
the 1rradiating of the security feature an excitation energy of
the first luminophore 1s generated, which 1s partly trans-
terred from the first luminophore to the second luminophore,
the excitation energy of the first luminophore

being generated directly through selective optical excita-

tion of the first luminophore, and/or

being generated through optical excitation of the host

lattice and subsequent transfer of the excitation energy
from the host lattice to the first luminophore.

20. A security feature for sateguarding value documents,
comprising;

a luminescence pigment that has a host lattice doped with

a first luminophore and a second luminophore and that
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1s optically excitable to emit luminescence light,
wherein the luminescence pigment 1s configured that an
excitation energy of the first luminophore generated
through optical excitation of the luminescence pigment
1s transferable to the second luminophore through an
interaction between the first luminophore and the sec-
ond luminophore,

wherein the substance amount fraction of the first lumino-

phore 1n the luminescence pigment and the substance
amount Iraction of the second luminophore in the
luminescence pigment are chosen such that the lumi-
nescence light of the luminescence pigment has a
luminescence spectrum with a first luminescence peak
emitted by the first luminophore and a second lumi-
nescence peak emitted by the second luminophore,
wherein the share of the peak intensity of the second
luminescence peak 1s at least 20% and at most 80% 1n
the sum of the peak intensities of the first and of the
second luminescence peak,

wherein the substance amount fractions of the first and of

the second luminophores 1n the luminescence pigment
are Turther chosen such that an incomplete transfer of
the excitation energy from the first to the second
luminophore 1s achieved,

wherein the peak wavelengths of the first and second

luminescence peaks lie 1n the near infrared spectral
region, the peak wavelength of the first luminescence
peak lies at a smaller wavelength than the peak wave-
length of the second luminescent peak, and the peak
wavelength of the first luminescent peak lies at a
greater wavelength than a wavelength of the optical
excitation, and

wherein the first and/or the second luminophores are

chosen from the rare earth i1ons erbium, holmium,
neodymium, thulium, and ytterbium.

21. The security feature according to claim 20, wherein
the substance amount fraction of the second luminophore in
the luminescence pigment lies between 50 ppm and 2000
ppm.

22. The security feature according to claim 20, wherein
the host lattice 1s configured as an inorganic host lattice,
wherein the host lattice 1s a host lattice with a garnet

structure or with a perovskite structure or an oxide or a
mixed lattice with oxide 1ons.
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